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This evaluation provides a comple’te representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the ‘incident
neutron energy range from 2 to 150 MeV.

The evaluation utilizes MF = 3 [MT=2 and MT=5] and MF=6 [MT.2
and MT=5] to represent -all reaction data. Production cross
sections and emission spectra are given for neutrons, protons,
deuterons, tritons, alpha particles, gamma rays, and all

residual nuclides p“roduced with non-negligible cross sections
(A>5) in the reaction chains. To summarize, the ENDF sections
with non-zero
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MT=

MF=6 MT=

MT=

2

5

2

5

data are:

Integral of nuclear plus interference “components
of. the elastic scattering cross section

Sum of binary (n,n[) and (n,x) reactions

Elastic angular distributions given as ratios of
the differential nuclear-plus-interference to the
integrated value.

Production cross sections and energy-angle
distributions for emission neutrons, pr~tons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that
are stable against particle emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
W, n + Ta, p + Ta, and p + W reactions (Ch96a) . We use the GNASH
code system (Y092) , which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Coupled-channels
and spherical optical model calculations are used to obtain
particle transmission coefficients for the Hauser-Feshbach
calculations, as well as for the elastic neutron angular
distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions that exceed a cross section of
approximately 1 nb at any energy. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic
(Ka88) .
A coupled-channels neutron optical model potential based on

earlier work to 100 MeV (Y090) is utilized to 80 MeV, and the
global spherical optical model potential of Madland (Ma88) is
used at highez energti~.. For pr~tcms, the B=~~=tt+ -Green&~%u..- ...
potential (Be69) is utilized below 20 MeV, and the Madland
Semmering potential (Ma88) at higher energies. The Perey
potential (Pe63) is used for deuterons, and the Beccetti-
Greenlees potential (Be71) for tritons. The ECIS79 code (Ra72)
was used for the coupled-channels optical model calculations,
and the SCAT2 code (Be92) was utilized for the spherical optical
model calculations. Minor normalizations were made to the
reaction cross sections and transmission coefficients to produce



agreement with the (sparse) measurements for W and values
inferred from systema”tics of proton and neutron reaction cross
sections from measurements on other targets. The same reaction
cross sections are used for both proton- and neutron-induced
reactions on W isotopes.

A model was developed to calculate the energy distributions of
all recoil nuclei in the GNASH calculations (Ch96b) . The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. Note
that all other data in MT=5,MF.6 are given in the center-of-mass
system. This method of representation requires a modification of
the original ENDF-6 format, i.e., we use LCT=3 with LAW 1 to
indicate that data for the heavy recoils are in the lab system
but all other reactions are in the cm system.

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Ka85) , validated by comparison with calculations using Feshbach,
Kerman, Koonin (FKK) theory [Ch93] . Discrete level data from
nuclear data sheets were matched to continuum level densities
using the formulation of Ignatyuk (Ig75) and pairing and shell
parameters from the Cook (C067) analysis. Neutron and charged-
particle transmission coefficients were obtained from the
optical potentials, as discussed above. Gamma-ray transmission
coefficients were calculated using the Kopecky-Uhl model (K090) .

MT=2 elastic scattering data in MF=3 and MF=6 are based on
optical model calculations with the SCAT2 ‘code (Be92) . We have
made use of the “nuclear-plus-interference” option in MF=6,
which corresponds to LAW=5, LTP.12, and the appropriate
integrated cross section is stored in MF=3. Note that because
of the interference effect, the tabulations in both MF=6 and
MF=3 can be negative at some energies and angles.
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74182 = TARGET 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000z+A
Nonelastic, elastic, and Production cross sections for A<5 ejectiles in barns:
Energy nonelas elastic neutron proton deutercm tritcm helium3 alpha galnnla

————
3.000E+OO 1.000E-20 0.000E+OO o.OOOE+OO 1.00013-20 0.000E+OO 0.000E+OO 0.000E+OO 1.000E-20 1.000E-20
4.000E+OO 1.689E-05 0.000E+OO 1.541E-05 1.331E-10 0.000E+OO O.OOOE+OO O.OOOE+OO 5.747E-08 2.231E-05
5.000E+OO 1.289E-03 0.000E+OO 1.270E-03 4.128E-08 0.000E+OO 0.000E+OO 0.000E+OO 2.003E-07 2.634E-03
6.000E+OO 3.940E-03 0.000E+OO 3.903E-03 1.121E-06 0.000E+OO 0.000E+OO 0.000E+OO 7.O1lE-07 1.033E-02
7.000E+OO 1.915E-02 O.OOOE+OO ”1.898E-02 2.025E-05 0.000E+OO 0.000E+OO 0.000E+OO 2.755E-06 6.049E-02
8.000E+OO 6.458E-02 0.000E+OO 6.391E-02 2.493E-04 2.651E-08 0.000E+OO 0.000E+OO 8.261E-06 2.309E-01
9.000E+OO 1.537E-01 0.000E+OO 1.514E-01 1.537E-03 2.334E-08 0.000E+OO 0.000E+OO 2.275E-05 6.109E-O1
1.000E+O1 2.875E-01 0.000E+OO 2.803E-01 6.137E-03 2.346E-08 2.661E-11 0.000E+OO 5.772E-05 1.249E+O0
1.1OOE+O1 4.462E-01 0.000E+OO 5.365E-01 1.741E-02 1.072E-06 1.305E-08 0.000E+OO 1.319E-04 1.630E+O0
1.200E+01 6.053E-01 0.000E+OO 9.314E-01 3.079E-02 5.354E-06 3.105E-O7 0.000E+OO 2.761E-04 1.733E+O0
1.300E+01 7.529E-01 0.000E+OO 1.266E+O0 4.657E-02 3.091E-05 1.471E-06 0.000E+OO 5.347E-04 2.164E+O0
1.400E+01 8.956E-01 0.000E+OO 1.54”6E+O0 6.449E-02 1.687E-04 8.511E-06 O.OOOE+OO 9.41OE-O4 2.865E+O0
1.500E+01 1.033E+00 0.000E+OO 1.794E+O0 8.283E-02 6.508E-04 3.806E-05 0.000E+OO 1.504E-03 3.727E+O0
1.600E+01 1.135E+O0 0.000E+OO 1.969E+O0 1.004E-01 1.660E-03 1.234E-04 0.000E+OO 2.194E-03 4.559E+O0
1.700E+01 1.188E+O0 0.000E+OO 2.045E+O0 1.176E-01 3.140E-03 2.987E-04 0.000E+OO 2.959E-03 5.218E+O0
1.800E+01 1.221E+00 0.000E+OO 2.082E+O0 1.344E-01 5.098E-03 5.651E-04 0.000E+OO 3.763E-03 5.793E+O0
1.900E+01 1.250E+O0 0.000E+OO 2.109E+OO 1.515E-01 7.416E-03 9.227E-04 0.000E+OO 4.61OE-O3 6.341E+O0
2.000E+O1 1.289E+O0 0.000E+OO 2.154E+O0 1.703E-01 1.038E-02 1.454E-03 0.000E+OO 5.548E-03 6.723E+O0
2.200E+01 1.394E+O0 0.000E+OO 2.438E+O0 2.058E-01 1.618E-02 2.474E-03 0.000E+OO 7.42713-03 7.518E+O0
2.400E+01 1.492E+O0 0.000E+OO 2.893E+O0 2.426E-01 2.213E-02 3.532E-03 0.000E+OO 9.126E-03 7.663E+O0
2.600E+01 1.577E+O0 0.000E+OO 3.287E+O0 2.860E-01 2.820E-02 4.476E-03 0.000E+OO 1.069E-02 7.996E+O0
2.800E+01 1.638E+O0 0.000E+OO 3.536E+O0 3.288E-01 3.406E-02 5.432E-03 0.000E+OO 1.206E-02 8.619E+O0
3.000E+O1 1.681E+O0 0.000E+OO 3.746E+O0 3.747E-01 3.867E-02 6.287E-03 0.000E+OO 1.328E-02 9.052E+O0
3.500E+01 1.756E+O0 0.000E+OO 4.369E+O0 5.007E-01 5.124E-02 7.832E-03 0.000E+OO 1.595E-02 8.304E+O0
4.000E+O1 1.800E+O0 0.000E+oO 4.679E+O0 6.181E-01 6.122E-02 8.724E-03 O.OOOE+OO 2.074E-02 9.398E+O0
4.500E+01 1.822E+O0 0.000E+OO 4.939E+O0 7.301E-01 6.906E-02 9.235E-03 0.000E+OO 2.626E-02 9.786E+O0
5.000E+O1 1.830E+O0 0.000E+OO 5.223E+O0 8.258E-01 7.523E-02 9.509E-03 0.000E+OO 2.594E-02 9.811E+O0
5.500E+01 1.832E+O0 0.000E+OO 5.492E+O0 9.112E-01 7.861E-02 9.627E-03 0.000E+OO 2.651E-02 9.593E+O0
6.000E+O1 1.830E+O0 0.000E+OO 5.712E+O0 9.860E-01 8.277E-02 9.631E-03 0.000E+OO 2.777E-02 9.573E+O0
6.500E+01 1.826E+O0 0.000E+OO 5.895E+O0 1.052E+O0 8.629E-02 9.558E-03 0.000E+OO 2.909E-02 9.640E+O0
7.000E+O1 1.819E+O0 0.000E+OO 6.018E+O0 1.101E+OO 8.868E-02 9.403E-03 0.000E+OO 3.120E-02 8.282E+O0
7,500E+01 1.809E+O0 0.000E+OO 6.298E+O0 1.133E+O0 8.956E-02 9.243E-03 0.000E+OO 3.445E-02 8.391E+O0
8.000E+O1 1.799E+O0 0.000E+OO 6.569E+O0 1.160E+O0 9.024E-02 9.153E-03 0.000E+OO 3.790E-02 8.482E+O0
8.500E+01 1.788E+O0 0.000E+OO 6.803E+O0 1.188E+O0 9.099E-02 9.146E-03 0.000E+OO 4.155E-02 8.493E+O0
9.000E+O1 1.778E+O0 0.000E+OO 7.040E+O0 1.214E+O0 9.098E-02 9.221E-03 0.000E+OO 4.717E-02 8.521E+O0
9.500E+01 1.768E+O0 0.000E+OO 7.261E+O0 1.240E+O0 9.172E-02 9.379E-03 0.000E+OO 5.161E-02 8.539E+O0
1.000E+02 1.756E+O0 0.000E+OO 7.466E+O0 1.264E+O0 9.218E-02 9.615E-03 0.000E+OO 5.699E-02 8.368E+O0
1.1OOE+O2 1.727E+O0 O.OOOE+OO, 7.791E+O0 1.308E+O0 9.253E-02 1.025E-02 O.OOOE+OO 6.800E-02 8.302E+O0
1.200E+02 1.699E+O0 0.000E+OO 8.090E+O0 1.348E+O0 9.264E-02 1.116E-02 0.000E+OO 7.934E-02 8.163E+O0
1.300E+02 1.672E+O0 0.000E+OO 8.364E+O0 1.387E+O0 9.225E-02 1.233E-02 0.000E+OO 9.022E-02 8.033E+O0
1.400E+02 1.648E+O0 0.000E+OO 8.620E+O0 1.430E+O0 9.156E-02 1.367E-02 0.000E+OO 1.O1OE-O1 7.998E+O0
1.500E+02 1.631E+O0 0,000E+OO 8.875E+O0 1.479E+O0 9.077E-02 1.524E-02 0.000E+OO 1.124E-01 7.903E+O0

74L82 = TARGET 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000Z+A
Aver. lah emission energies for Ac5 ejectiles in MeV:
Energy neutron proton deuteron triton helium3 alpha ganmla

3.000E+OO 0.000E+OO 9.107E-O5””O.OOOE+OO 0.000E+OO 0.000E+OO 8.778E+O0 3.256E+O0
4.000E+OO 2.345E-01 3.860E+O0 0.000E+OO 0.000E+OO 0.000E+OO 9.859E+O0 4.083E-01
5.000E+OO 5.591E-01 4.686E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.063E+01 4.520E-01
6.000E+OO 9.41OE-O1 5.666E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.141E+01 5.707E-01
7.000E+OO 1.125E+O0 6.657E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.231E+01 7.306E-01
8.000E+OO 1.197E+O0 7.657E+O0 1.989E+O0 0.000E+OO 0.000E+OO 1.294E+01 8.820E-01
9.000E+OO 1.216E+O0 8.623E+O0 2.982E+O0 0.000E+OO 0.000E+OO 1.374E+01 1.032E+O0
1.000E+O1 1.276E+O0 9.583E+O0 3.954E+O0 3.302E+O0 0.000E+OO 1.445E+01 1.136E+O0
1.1OOE+O1 1.149E+O0 1.053E+01 4.727E+O0 4.280E+O0 0.000E+OO 1.518E+01 1.116E+O0
1.200E+01 1.112E+O0 1.141E+01 5.454E+O0 4.874E+O0 0.000E+OO 1.600E+01 8.256E-01
1.300E+Ol 1.219E+O0 1.224E+01 6.508E+O0 5.523E+O0 0.000E+OO 1.676E+01 6.502E-01
L40L2E+01. I.355E+O0 1.3Q1E+OI 7.4443wX) S.577E4-000.WQE+-04 3..’744+2+015<657E-%1
1.500E+01 1.474E+O0 1.370E+01 8.329E+O0 7.407E+O0 0.000E+OO 1.804E+01 7.098E-01
1.600E+01 1.573E+O0 1.435E+01 9.127E+O0 8.195E+O0 0.000E+OO 1.859E+01 7.928E-01
1.700E+01 1.664E+O0 1.498E+01 9.881E+O0 8.894E+O0 0.000E+OO 1.912E+01 8.764E-01
1.800E+01 1.755E+O0 1.558E+01 1.063E+01 9.527E+O0 0.000E+OO 1.960E+01 9.520E-01
1.900E+01 1.853E+O0 1.616E+01 1.135E+01 1.012E+01 0.000E+OO 2.005E+01 1.013E+O0
2.000E+O1 1.951E+O0 1.681E+01 1.21OE+O1 1.080E+01 0.000E+OO 2.045E+01 1.162E+O0
2.200E+01 2.078E+O0 1.782E+01 1.346E+01 1.188E+01 0.000E+OO 2.114E+01 1.167E+O0
2.400E+01 2.142E+O0 1.865E+01 1.479E+01 1.291E+01 0.000E+OO 2.191E+01 1.041E+O0

a.gbb~+bi2.25AE+bd1.!MAE+oI1.609E+011.382E+010.000E+oo2.269E+019.417E-01
2.800E+012.404E+O02.007R+011.737E+011.482X+010.000E+OO2.342E+019.332E-01
3.000E+O12.545E+O02.083E+011.851E+011.581E+01 0.000E+OO 2.41OE+O1 9.512E-01
3..5OOE+O1 2.844E+O0 2.290E+01 2.174E+01 1.813E+01 0.000E+OO 2.557E+01 9.732E-01
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4.000E+O1 3.230E+O0 2.520E+01 2.502E+01 2.034E+01 0.000E+OO 2.478E+01 1.00IE+OO
4.500E+01 3.599E+o0 2.7s9E+01 2.828E+01 2.255E+01 0.000E+OO 2.402E+01 1.007E+O0
.5.000E+O1 3.911E+O0 z.989E+01 3.147E+01 2.475E+01 0.000E+OO 2.606E+01 9.733E-01
5.500E+01 4.200E+O0 3.221E+01 3.432E+01 2.692E+01 0.000E+OO 2.745E+01 9.702E-01
6.000E+O1 4.490E+O0 3.447E+01 3.739E+01 2.907E+01 0.000E+OO 2.831E+01 9.718E-01
6.500E+01 4.784E+O0 3.664E+01 4.042E+01 3.119E+01 0.000E+OO 2.901E+01 9.861E-01
7.000E+O1 5.105E+OO 3.884E+01 4.349E+01 3.313E+01 0.000E+OO 2.924E+01 1.235E+O0
7.500E+01 5.263E+O0 4.084E+01 4.646E+01 3.474E+01 0.000E+OO 2.889E+01 1.223E+O0
8.000E+O1 5.418E+O0 4.282E+01 4.939E+01 3.607E+01 0.000E+OO 2.854E+01 1.219E+O0
8.500E+01 5.595E+O0 4.476E+01 5.231E+01 3.712E+01 0.000E+OO 2.819E+01 1.228E+O0
9.000E+O1 5.761E+O0 4.663E+01 5.499E+01 3.781E+01 0.000E+OO 2.716E+01 1.229E+O0
9.500E+01 5.935E+O0 4.832E+01 5.782E+01 3.821E+01 0.000E+OO 2.683E+01 1.231E+O0
1.000E+02 6.098E+O0 5.006E+01 6.058E+01 3.823E+01 0.000E+OO 2.632E+01 1.235E+O0
1.100E+02 6.424E+O0 5.356E+01 6.593E+01 3.754E+01 0.000E+OO 2.546E+01 1.229E+O0
1.200E+02 6.750E+O0 5.681E+01 7.099E+01 3.601E+01 0.000E+OO 2.481E+01 1.231E+O0
1.300E+02 7.077E+O0 5.981E+01 7.556E+01 3.401E+01 0.000E+OO 2.440E+01 1.239E+O0
1.400E+02 7.415E+O0 6.250E+01 7.974E+01 3.193E+01 0.000E+OO 2.405E+01 1.242E+O0
1.500E+02 7.758E+O0 6.492E+01 8.353E+01 2.983E+01 0.000E+OO 2.373E+01 1.260E+O0
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p+ ’82W angle-integrated emission spectra



p+ 18*W Kalbach preequilibrium ratios
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